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5 PROCESSES AND IMTERMEDIATES FOR THE PREPARATION OF 

5>f2>(4-(BENZOISOTHIAZOL-3-YLVPIPERA2IN-1-YUETHYL1- 
6-CHLORO-1 .3>DIHYDRO-INDOU2-ONE 

Background of the invention 
1 0 This invention relates to processes and intermediates for the preparation of 5-[2- 

(4-(ben2oisothia2ol-3.yl)-piperazln-1 -yl)ethyl]-6-chloro-1 ,3-dihydro-indol-2-one. 5-[2-(4- 
(ben2oisothiazol-3-yl)-pipera2in-1-yl)ethyl]-6-chloro-1,3-dihydro-indol-2-one is useful in 
the treatment of psychotic disorders. 

5-[2-(4-(ben2oisothiazol-3-yl)-pipera2in-1-yl)ethyl]-6-chloro-1 ,3-dihydro-indol-2-one 
1 5 and a process for its preparation are disclosed in United States Patent No. 4.831 ,031 . 

Summary of the Invention 
The present invention provides a process for preparing the compound of the 
formula 




I I 



30 



v^erein R^ is hydrogen, CN or CO^R^ and R^ is hydrogen or {C,-C6)alky! with 
a reducing agent with the proviso that when R^ is CN or COjR^ and R^ is (C,-C6)alkyi 
the product of the reduction is heated v\nth an acid. 

The invention also provides a process for preparing a compound of the formula 

35 II 
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a) wherein and are both hydrogen by heating the compound of the 
formula II wherein R' is (C,-Ce)alkyl and R» Is CN or GO,R' In the presence of an 
aqueous acid: 

b) wherein R^ is hydrogen and Is (C,-C6)alkyl by 

i) treating a compound of the formula 



10 




wherein R' is (C,-Ce)alkyl with the compound of the fomiula 

O3SCF3 



15 




VII 



in the presence of a base; 

or ii) treating a compound of the fonnula II wherein R' and R^ 
are both hydrogen with a (C,-C,)alkanol in the presence of an acidic esterification 
20 catalyst; 

or c) wherein R' is (C,-C«)alkyl and R^ is CN or CO^R^ by treating the 
compound of the formula 



25 




I I I 



with a compound of the fomiula R^-CH^-CG^R'. wherein R^ Is CN or CO,R\ 
respecUvely. and R' Is (C,-C,)aikyl in the presence of a base. 
30 In another aspect the Invention provides a process for preparing the compound 

of the fomr»ula III by treating the compound of the fonnula 
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10 




IV 



with a reducing agent. 

According to another aspect of the invention there is provided a process for 
preparing the compound of formula IV which comprises treating the compound of the 
formula 




1 5 with the compound of the formula 



20 




in the presence of a (Ci-Cg) alkanoic acid. 

Another aspect of the invention provides a process for preparing the compound 
of the formula V which comprises treating a compound of the formula 
2^ CH- 



VI 



with an enamine forming compound selected from the group consisting of t-butoxy- 
30 bis(dimethylamino)methane and dimethylformamide dialkylacetals in an inert solvent. 

Yet another aspect of the invention provides a process for preparing a 
compound of the formula VII by treating a compound of the formula 
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(CHjlig-CCpC-N N. 

\ / 



CI ^^^NOg 



10 

wherein is CO^R' or CN and R 
temperature. 

In accordance with another aspect of the invention there ii 
for preparing a compound of the formula VIII which 
15 of the formula 



(CH3)3-C02C-N 



V is (C,-C6)alkyl with an acid at an elevated 

is provided a process 
comprises treating the compound 




IX 

Cr — 

•s (0,-C6)alkyl in the presence of a base. 

«^P--* °' invention provides a process for preparing the compound 
of the fom^ula IX which comprises treating the compound of the formula 

CI 



25 




X 



With the compound of the formula 



30 



HN 



N-C-0-C(CH3)3 



in the presence of (CH3CO,)3NaBH and acetic add. 
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According to another aspect of the invention there is provided a process for 
preparing a compound of the formula X by treating the compound of formula V with 
oxalic acid. 

Another aspect of the invention provides a process for preparing the compound 
5 of the formula 



10 




which comprises the steps of 

I. treating a compound of the formula 



15 



20 




in the presence of a (C^-Cg) alkanoic acid to form the compound of the formula 



30 
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, , *'®^'"9*^®«»'"PO"ndofformulalVwithareducingagent 
to form the compound of the formula 

N \l 



I I I 



, "■^^""9*'^®<^°'"PO"nd of formula III with a compound of 

R2 




15 




1 1 



wherein is CN or CO,R' and R' is (C,-Ce)alkyl; 

4) treating the product of step 3) with an acid at an elevated 

RMs hydrogen and R. ,3 ,C,.C^.,M ° ™ '°™"''''"'''^'" 

30 
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formuia 



2) treating the compound of formula X with the compound of the 



0 
II 



HN N-C-0-C(CH3)3 



In the presence of (CH3COj)3NaBH and acetic acid to form the compound of formula 

XI 



(CH3)3-C02C-N 



N 



10 




IX 



CI 



NO; 



3) treating the compound of formula IX with a compound of the formula R^- 
CHj-COjR' wherein is COjR' or CN and R' Is (C,-Ce)alkyl to form a compound of 
formula 



15 



<CH3)^-C0pC-N N 
N / 



VIII 



20 



wherein R* is COjR^ or CN and R^ Is (C,-Ce)a]kyl; 

4) treating the compound of formula VIII with an acid at an elevated 
temperature to form the compound of formula 



25 




VI I 



30 wherein R, is (C,-Ce)alkyl; 

and 5) treating the compound of formula VII with the compound of 
formula 
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P3SCF3 



in the presence of a base to fom, the compound of formula „ wherein Is hydrogen 
and R' is (C,-C6)alkyl: ' ^ 

and II. treating a compound of the formula 



10 




I I 



15 



where.n R ,s hydrogen. CN or CO,R' and Is hydrogen or (C,-C,)alkyl with 
a reduang agent wHh the proviso that when R^ is CN or CO.R^ and R' s (C -C 1 
the product Of the reduction is heated with an acid. • " 

Compounds of the formulae II and ,1. wherein R' and R^ are as defined above 
are novel and additional features of the invention 

20 

Detailed Description of the Invention 
The processes of the instant invention are illustrated in schemes 1 and 2. 
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SCHEME 1 ( nnntin..^! . 



5 




I I I 




3~S0CCID:<WO SSOOSIMI I > 



wo 95/00510 



PCT/IB94/00061 



-11- 

SCHEME 1 fContinued^ • 
II 

= (Ci-C6)al kyl 
= COgR^ or CN 
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SCHEME 2 fContinued^ • 



R2 




I I 



= Hydrogen 
= (CrC6)alkyl 

25 As shown in Scheme 1 a compound of the formula II wherein is CN or COjR^ 

and is (C,-C6)alkyl is treated with a reducing agent and the resulting product is 
heated with an acid to prepare the compound of formula I. Generally the reaction is 
carried out in a reaction Inert solvent. Suitable reducing agents are sodium 
hydrosulffte, hydrogen in the presence of a hydrogenation catalyst, iron in acetic acid, 

30 zinc and CaCI^ in acetic acid and NaH2P02 in the presence of Pd/C. A preferred 
reducing agent is sodium hydrosulfite. The temperature of the reduction stage is from 
about 1 0 to about 1 0OOC When sodium hydrosulfite is the reducing agent the reaction 
temperature is preferably from about 65 to about 800C. The temperature at the acid 
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treatment stage is from alx,at 50 to about 1 lO-C. Acids wt,ich are usolul in this stage 
are strong mineral adds such as concentrated hydrochloric and 6N sulfuric acids 
Suitable solvents are water «^ water miscllMe solvents such as (C.^Jalkanols 
tetrahydroluran (THF) and dioxone and mixtures thereof . 
5 Alternatively, a compound of fonnula 11 wherein R= is hydrogen and R' is 

hydrogen or (C,-C.|alKyl is convened to compound of fomuil. I by .rea^nen. with 
a reducing agent. Suitable conditions for the reduction are indicated above 

The compounds of fomiuta II wherein is CN or CO,R' and R- is (C.-CJalkyi 

,0 "' ^ ' -o-nP'und Of the formula 

-CH,CO,R , Wherein R. is ,C,C.)alkyl »,d R' is CN or CO,R', respecUvely, in the 
presence o. a base. The reaction is. generally, effected in an aprotic polar solvent such 
as d,me,hy«ormamida iOMF). dimethylsulfoxide (DMSO) or N-methylpy„olldone a. a 
temperature from about 25 to about too-c. Suitable bases Indud, alka« metal 
hydro»des and hydrides and hindered (C,CJalkoxides such as KOH. NaOH. NaH and 

15 potassium-t-butoxide. 

;h-<^°-P-nd of formula II Wherein and are each hydrogen Is prepared 
by heafng a compound of formula .1 wherein R= is CN or CO,R' and R^ is (C,-C«)alKyl 
wrth an acid. The cond^ons and compositions for use in this process are as indicati 
above. 

20 The compound of fonnula 11 wherein R' is hydrogen and R- is (C,.C.,alkyl Is 

prepared by treating «,e compound of the formula ,1 wherein R- and R' a« ^ch 
hydrogen with a (C,^.)alkano, in the presence o, an acidic esteritication catalyst 
Suitable esterifcation catalysts include sulfuric acid. p.toluenesu»onic acid 
tnfluoromethanesulfonic and thiony, chloride. The reaction Is generally carried ou, « 
a temperaturefrom about 25 to about no-C In a solvent such as a (C,-C.,alkano, neat 

ChT ' " -<-'*-'^y<"-arbon such as CHfi,,. 

CHCIj. CHCI3 and toluene. 

TJ* impound of *.m,ula 111 is prepared by reducing the compound of fomnula 
IV. Suitable r«iucin9 agents include sodium triacetoxyborohydride and sodium 

cyanoboiohydride. The reaction is effected in the presence o, a ,C,-c,,a,kanoic acid 
such as aceuc acid. Suitable solv««s .0, use in tWs process include halogenated 
hydrocarbons such as CH,C,, and , ,2.*chlo„e.hane and aprotic polar solvents such 
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10 

15 
20 
25 
30 



as THF; DMF and DMSO. The reaction may be carried out at a temperature from about 
0 to about 750 c. 

The compound of formula IV Is prepared by reacting the compound of the 
formula V with the compound of the formula 



in the presence of a (C,-C6)alkanoic acid such as acetic acid. The reaction is usually 
carried out in solvents which include acetic acid, DMF, DMSO and THF at temperatures 
from about 20 to about 100°C. 

The compound of formula V is prepared by treating the compound of the 
formula VI with an enamine forming compound either neat or in inert solvents such as 
aprotic polar solvents. Enamine forming compounds include t-butoxy- 
bis{dimethylamino)methane and dimethylformamide dialkylacetals. Preferred enamine 
compounds are t-butoxy-bis{dimethylamino)methane and dimethylformamide 
dimethylacetal. Solvents for use in this reaction include THF, DMF and the neat 
reagent. Preferred conditions are those wherein the enamine forming compounds are 
t-butoxy-bis(dimethylamino)methane and dimethylformamide dimethylacetal and the 
solvents are THF and DMF, respectively. 

As shown in Scheme 2 the compound of formula II wherein is hydrogen and 
is (C,-Cs)alkyl may, alternatively, be prepared by reacting a compound of the formula 
VII. wherein R' and R^ are as defined above, with the compound of the formula 



in the presence of a base. Suitable bases for use in this aspect of the invention include 
trialkylamines and cycloheteroarylamines such as triethylamine. pyridine and N- 
methylmorpholine. The reaction is usually carried out in inert solvents which include 
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as 



30 



aprotic polar solvents such as THF DMP ar>H nkiicr^ j ^ . 

as I nt. OMF and DMSO and halogenated hydrocarbons 
such as CH.CI, at temperatures from about 0 to about 5Qoc 

V..I wH rr"' " "^^"^^ ''^ '^^^'"9 - ~-P-n^ Of formula 

Vill wherein s CN or CO,R' and R' l« /o >■■_ . 

sutr . ;T -V*«^'='^c acd and 

u»u„c acd. Soh,en,s which .ay he used fer«,fe reaCon inCude .he acid res^. 
e. he cc„cen*a.ed hydrochioric or suifc^c add, *ch c^ he diluted .*h a ,0,: 

C^)alkanoic acid. ^ ' 

^Tr r-r ° °' wh-in R. ie ,C,C.W 

r::e~\""'""'"''''-~''-'-^-^^^ 

"112^ rT " ^"^"^ ' - DMSO or N- 

me.hs,lpyrrol,d,ne at a tennperature from ahout 2S to about 75»C 

loimula X wth the compound of formula 

0 

.11 

N-C-0-C<CH3)3 

in the presence of (CH,COJ,NaBH and acetic acid. Solvents useful in this aspect o. 

"^-^"^ - -Nene chlcHdel: 

.,2-d,ch,orcethane a«, aprotic polar ,olv««s such as THF. DMF and DMSO 

V With J'^J"'"'"^ » P'-P""" by .eacung the compound o, formula 

la, . T •>=«• oPPropnate solvents such as v.ater 

h-ogenatedhyd^carhons andhexanes, Weraturetr^m ahoutoto ahou, To 

methodrTaT ? <"<-u.a . may b^demonstrat.^ by 

methods based on standard procedures. ,n one method, adult male Sprague-Dawlev 

~inr:y::~s:Ltan"::;^rr^^^^ ' 

evaluated. ascorbate solution and their behavior 
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The neuroleptic activity of the compound of forrriLila I makes it useful for treating 
psychotic disorders in human subjects. For example, the compound is useful for 
treating psychotic disorders of the schizophrenic types, and in particular the compound 
is useful for removing or ameliorating such symptoms as anxiety, agitation, excessive 
5 aggression, tension, and social or emotional vynthdrawal in psychotic patients. 

The compound of formula I, or a pharmaceuticaliy-acceptable salt thereof, can 
be administered to a human subject either alone or, preferably, in combination with 
pharmaceuticaliy-acceptable carriers or diluents, in a pharmaceutical composition, 
according to standard pharmaceutical practice. The compound can be administered 

1 0 orally or parenterally. Parenteral administration includes, especially, intravenous and 
intramuscular administration. Additionally, in a pharmaceutical composition comprising 
the compound of formula I, or a pharmaceuticaliy-acceptable salt thereof, the weight 
ratio of active ingredient to carrier will normally be in the range from 1:6 to 2:1, and 
preferably 1 :4 to 1 :1 . However, in any given case, the ratio chosen will depend on such 

15 factors as the solubility of the active component, the dosage contemplated and the 
precise route of administration. 

For oral use the compound of formula I can be administered, for example, in the 
form of tablets or capsules, or as an aqueous solution or suspension. For 
Intramuscular and intravenous use, sterile solutions of the active Ingredient can be 

20 prepared, and the pH of the solutions should be suitably adjusted and buffered. For 
intravenous use, the total concentration of solutes should be controlled to render the 
preparation isotonic. 

When the neuroleptic agent of formula I is to be used in a human subject to 
treat a psychotic disorder, the daily dosage will normally be determined by the 

25 prescribing physician. Moreover, the dosage will vary according to the age. weight and 
response of the individual patient as well as the severity of the patient's symptoms. 
However, in most instances, an effective amount for treating a psychotic disorder will 
be a daily dosage in the range from 5 to 500 mg, and preferably 50 to 1 00 mg, in single 
or divided doses, orally or parenterally. 

30 The following examples are provided solely for the purpose of further illustration. 
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10 



EXAMPLP 1 
2.5-DichlQrfv4-methvl-nit robenzenft 
Prepared by a modrfication of the method of H. D. Dakin and J. B. Cohen J 
Chem^ 79. 1 130 (1901). 2.5-Dlchlorotoluene (18.7g. 0.116 mol) was added in one 
port,on to a 100C mbcture of conoentrated sulfuric add (24 ml) and glaola. acetio acid 
(10 m.). This was stirred at about IQoc while a cold mixture of 70% nitric acid (8.2 ml) 
and concentrated sulfuric acid (8.2 ml) was added dropwise over 1 0 min. The reaction 
m.xture was warmed slowly to room temperature and stirred for 2 hours. The reaction 
m.xture was then receded to lOOQ ^th an ice bath and quenched with ice and 
me hy lene chloride. The layers were separated and the aqueous layer extracted v«th 
methylene chloride. The combined organic layers were washed two times with water 
two times wrth saturated sodium bicarbonate solution and one «me with brine. Afte^ 
dry-ng over „,agnesium sulfate, the solvent was evaporated in vacuo and the cn.de 

15 sT™:.^^^^^^^ Theyieldoflightyellowso,idwas13.4g. 
15 56%. NMR (CDCI3) 6 7.91 (s. 1). 7.42 (s. 1). 2.43 (s. 3). 

EXAMPLF 9 

2 .5-Dichloro-4.f?-dimethy t.mi ^tt,envH-nitrnhor..^»^ 

2.5-Dichioro-4-methyl-nitrobenzene (SOg. 0.24 mol) was heated at reflux in 

20 TsuTT. -^-•^~^^'-thylamino)methane (63.3g. 0.364 mol) 

or 8 hours. The reaction mixture was cooled to room temperature and s.ov.y pour J 
.nto hexanes ( 3L) vnth stirring. The desired product was collected by MrZ as a 
dark red sol.d. 36.9g. 58% yield, mp 173-50C. NMR (CDC.3) <5 8.01 (s 1) 7 32 (s 1, 

3.86. N. 10.73. Found: C, 45.91; H, 3.72: N, 10.61. 

EXAMPI ^ .1 
^lB^3(chloro.4-(^-f4.J1 ,!>j — ^so)hia,„r-i.Yi) . 
lHllDar>i7ir,yllelh«nYl).pi., oben7.».. 
. M , K^'^'''"'^'^"*''"^'^'''^"'^''""^'-"*"^^^^ (159. 0.057 mol) and 
( 50 „,„ and ^ o.^^ a, room .emporaU,™ under a nBrogen atmospher. The 
IT" ^ " °' <^ -propano, ,300 m„ 

he«anes. The y,e« was 23.4g. 93%: mp 194-5^. NMR (CDCIJ ^ 8.05 ,s. „. r.95-7 80 



25 
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(m. 2), 7.56-7.35 (m, 3), 7.01 (d, 1). 5.60 (d, 1), 3.95-3.46 (m. 8). Analysis Calculated 
for C,9H,6N402Cl2S: C, 52.41; H, 3.70; N, 12.87. Found: C, 52.05; H. 3.36; N, 12.58. 

EXAMPLE 4 
2.5-Dichloro-4-(2-r4-(1.2-ben2isothia2ol-3>vn- 
5 1 -oiperazin vnethvn-nitrobenzene 

The enamine from the preceding example (22.5g, 0.052 mol) was suspended 
in 1.2-dichloroethane (340 ml) with acetic add (17.8 ml) and stirred under a nitrogen 
atmosphere while sodium triacetoxyborohydride (21 .9 g. 0.1 mol) was added in portions 
as a solid. The reaction was stirred overnight. Aqueous sodium carbonate solution 
10 was then added to the reaction mixture and then ethyl acetate (300 ml). The layers 
were separated and the aqueous layer extracted a second time with ethyl acetate. The 
combined organic layers were washed with water and brine and dried over magnesium 
sulfate. The crude product was isolated from the organic solution and purified by 
recrystallization f rom acetonitriie; 16.14g, 71% yield, mp 153-7«>C. NMR (CDCI3) <y 7.97 
15 (s, 1), 7.91 (d, 1), 7.82 (d, 1). 7.50 (s, 1), 7.48 (dd.1), 7.37 (dd. 1), 3.58 (m, 4), 3.00 (t. 
2). 2.78 (m. 4). 2.72 (t. 2). Analysis Calculated for C.^H^bN^OjCIjS: C. 52.18; H, 4.15; 
N, 12.81. Found: C. 51.97; H. 3.98; N, 12.65. The structure was confirmed by single 
crystal x-ray analysis. 

EXAMPLE 5 

20 5-Chloro-4-(244>(1 .2-benzisothiazoU3-vh-1 -pjperazinvnethvn- 

2-(bls-(methoxvcarbonvnmethvl>-nitrobenzene 
2,5-Dichloro-4-(2-[4-(1,2-benzisothiazol-3-yl)-1-piperazinyl]ethyl)-nitrobenzene 
(2.4g, SSmmol) and dimethylmalonate (1.81g, 137 mmol) were dissolved in 
N-methyl-pyrrolidine (24 ml) and a stream of nitrogen was bubbled through the solution 

25 for 15 minutes to remove any oxygen. Powdered potassium hydroxide (0.77g, 137 
mmol) was added in one portion and the mixture heated at 40-5 °C for 5 hours. The 
reaction mixture was cooled and diluted with ethyl acetate and washed with saturated 
ammonium chloride solution, water, and brine. The organic layer was dried over 
magnesium sulfate, filtered and evaporated to afford the crude product. The pure 

30 product was isolated by flash chromatography over silica gel with ethyl acetate/hexanes 
(4 : 6) as a light yellow solid, 1.32g, 45% yield, mp 128-31 °C. NMR (CDCI3) 6 8.10 
(s. 1), 7.90 (d, 1). 7.81 (d. 1). 7.48 (t and s, 2), 7.37 (t, 1), 5.33 (s, 1). 3.82 (s. 6), 3.58 
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(m. 4). 3.05 (t. 2). 2.80-2.70 (m. 6). The structure was confirmed by single crystal x-ray 
analysis. 

EXAMPLES 

5-(2-r4-(1 .2-Ben2isQthia TOl-3-\/!).l - p iperazinvllethyl)- 
® 4-chloro-2 -nitroDhenYl acetic add 

The 2-nitrophenyl-malonate (4.4g. 83 mmol) from the previous example was 
refluxed in 3N hydrochloric acid (90 ml) for 20 hours. The reacHon mixture was cooled 
and the precipitated product isolated by filtration and dried in vacuo; 4g 95% mp 
209-212OC (dec). NMR (DMSO-de) 6 8.21 (s. 1). 8.15 (d. 1). 8.0 (d.1). 7.67 (s. 1). 7.59 
10 (t. 1). 7.48 (t.1), 4.10 (brd, 2). 4.00 (s. 2). 3.79-3.23 (m. 8). 

EXAMPLE 7 
Methvl S-^2-r 4-n 2.ben7iRothiazol.3-yl). 
1 -P»pera2invnethvh-4-chlr. ro-2-nitrQphftnvl acetate 

Methanol (62 ml) was stirred at -10OC under a nitrogen atmosphere. Thionyl 
15 chloride (1 ml, 135 mmol) was added slowly, dropwise. to the methanol and then the 
product from the previous reaction was added in one portion as a solid. The cooling 
was removed amd the reaction heated to reflux for 3 hours. The reaction mixture was 
evaporated in vacuo to remove the methanol and then partitioned between ethyl acetate 
and aqueous sodium carbonate. The aqueous layer was extracted a second time with 
20 ethyl acetate. The combined organic layers were washed v^th brine, dried over 
magnesium sulfate and evaporated to give the desired amino acid ester as an oil- 3g 
94% yield. NMR (CDCy 5 B.1B (s. 1). 7.90 (d. 1). 7.81 (d. 1). 7.48 (t. 1). 7.38 (i. 1)! 
7.31 (s. 1). 4.00 (s. 2). 3.72 (s. 3). 3.63 (m. 4). 3.09 (m. 2). 2.89-2.72 (m. 6). 

EXAMPLES 

6-Chloro-5-rp.r4-ri -P-hanri.. othiazol-3.vn-1 -piperayinYll 
ethvD-oxindole 

The title compound (2.4g. 50 mmol) from the previous example was dissolved 
in a mixture of tetrahydrofuran (24 ml) and ethanol (24 ml). Water (16 ml) was added 
to the stin-ed solution followed by sodium hydrosulfrte (2.03g. lie mmol) and the 
30 mixture was heated to reflux. After 10 minutes, the solids had dissolved and a second 
portion of sodium hydrosulfrte (l.3g, 76 mmol) and water were added. The reaction 
mixture was heated on a steam bath for 4 hours. The reaction mixture was cooled. 6N 
hydrochloric acid (8.4 ml) was added and the reaction mixture was again heated for 1 5 
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minutes on the steam bath. The reaction mixture was made baisic with sodium 
carbonate and the crude product collected by filtration and recrystalllzed from 
tetrahydrofuran. 0.8g. 40% yield. NMR (DMSO-dg) 6 8.05 (d, 2), 7.55 (t. 1), 7.42 (t, 1). 
7.21 (s, 1), 6.80 (s. 1). 3.45 (s. 2). 2.83 (m. 2), 2.70 (m, 4). 2.54 (m. 6). This was 
5 identiced with product prepeu'ed previously. 

EXAMPLES 
Methvl r5-f2-r4-n .2-ben2isothiazol-3-vn- 
1-piDera2in vllethvn-4-chloro-2-nitrophenvn-cvanoacetate 
2,5-rachloro-4-(2-[4-(1 ,24jen2isothia2ol-3-yl)-1 -piperazlnyllethyl)-nitroben2ene (1 g. 
10 2.3 mmol) and methyl cyanoacetate (0.44 ml, 5 mmol) were dissolved in N-methyl- 
pyrrolidine (25 ml) under nitrogen. Powdered potassium hydroxide (0.28g. 5 mmol) 
was added and the mixture was heated to 570 C for 4 hours at vtfhich time tic showed 
that the starting material had reacted. The cooled reaction mixture was poured into a 
stirred mixture of saturated aqueous ammonium chloride and ethyl acetate. The 
15 aqueous layer was adjusted to pH 6 with 2N hydrochloric acid and the layers were 
separated. The aqueous layer was extracted with ethyl acetate. The combined organic 
layers were washed with water and brine, dried and filtered. The ethyl acetate solution 
was concentrated to 20 ml and p-toluenesuKonic acid (0.44g, 2.3 mmol) was added 
with stirring. The tosylate salt of the desired product was collected and dried in vacuo. 
20 The yield was 1 .27g. 82.5%. mp 204-7<>C. Analysis calculated for C3oH3oN507CljS: C, 
53.61; H. 4.50; N, 10.42. Found: C. 53.52; H, 4.15; N, 10.70. 

The tosylate salt was dissolved in water and adjusted to a pH of 12 with IN 
sodium hydroxide. The basic solution was extracted with ethyl acetate. The ethyl 
acetate was evaporated to yield the free base as a purple solid, mp 91-100°C. NMR 
25 (CDCI,) S 8.27 (s. 1). 7.91 (d. 1). 7.82 (d. 1). 7.78 (s. 1), 7.49 (t. 1). 7.38 (t. 1). 5.68 (s. 
1). 3.88 (m, 4). 3.1 (m. 2.), 2.8. (m, 6). 

Hydrolysis of the tosylate salt or free base in concentrated hydrochloric acid at 
1 00° C provided a product identical with that from Example 6. 

EXAMPLE 10 

20 2.5-Dichloro-4-nitroDhenvlacetaldehvde 

2.5-Dichloro-4-(2-dimethylaminoethenyl)-nitroben2ene (lOg, 38.3 mmol) was 
dissolved in methylene chloride (200 ml) and stirred with a solution of oxalic acid 
(14.5g, 115 mmol) in water (80 ml) at room temperature for 18 hours. The layers were 
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10 



15 



20 



25 



30 



separated and the aqueous layer extracted with methylene chloride (50 ml). The 
combined organic layers were washed with water and brine, dried over magnesium 
sulfate and filtered. The solution was evaporated to yield the title compound. NMR 
{CDCI3) 6 9.70 (s. 1). 8.01 (s, 1). 7.49 (s. 1). 3.98 (s. 2). 

EXAMPLF 11 
2.5-DichlQro-4.r2-r4-(t.h utoxvcarhftnYl). 
1 -DiDera2in Ynethv!Vnitrnhon7«>r.^ 
A methylene chloride solution of the title compound of Example 10 was stirred 
at room temperature under nitrogen. Acetic acid (8.8 ml. 153 mmol) was added in one 
portion followed by t-butylpiperazinecarboxylate (8.4g. 50 mmol). Sodium 
inacetoxy-borohydride (16.2g. 77 mmol) was added in portions as a solid and the 
reaction mixture stirred at room temperature forthree hours. The reacUon mixture was 
washed two times with excess saturated sodium carbonate solution and one time each 
wrth water and brine. The organic layer was dried over magnesium sulfate, filtered and 
evaporated to afford the tHIe product as an oil 15.6g. (98% orude yield). This was 
suitable for use in the next reaction without further purification. NMR (CDCy 5 7 92 (s 
1). 7.48 (s. 1). 3.43 (m. 4). 2.97 (t. 2), 2.62 (t. 2). 2.49 (m. 4). 1.43 (s. 9). 

EXAMPLE IP 

S-Chloro-4-^?-f/l.(f.Sutoxvcarhnn yn.i.D}DerayinY l ] 
ethvl)-2-(bis^(methoxvcarh»nY nmethvh.nitr»Ko»,^»^ 

2.5-Dichloro-4-(2-[4-(t-butoxycarbonyl)-l-pipera2inyl]ethyl)-nitrobenzene(5g 13 
mmol) and dimethyl malonate (3.8 ml. 33 mmol) were stirred in N-methyl pyrrolldone 
(75 ml), at room temperature under nitrogen, while sodium hydride (1.33g 33 mmol 
60% in oil) was added. The reaction mixture was heated to 570c for 7 hours The 
reaction mixture was cooled and poured into saturated aqueous ammonium chloride 
solution and extracted twice with ethyl acetate. The combined organic layers were 
washed WHh water three times, one time with brine and dried over magnesium sulfate 
Evaporation of the solvent In vacuo gave an oil which was chromatographed over flash 
silica gel with ethyl acetate/ hexanes followed by ethyl acetate. The fractions containing 
the desired product were combined and evaporated to give an oil. 2.5g. 48% yield 
NMR (CDCI3) 6 8.09 (s. 1). 7.45 (s. 1). 5.31 (s. 1). 3.79 (s. 6). 3.43 (m. 4). 2.98 (t. 2) 
2.61 (t. 2). 2.47 (m. 4). 1.43 (s. 9). 
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EXAMPLE 13 
Methyl 5'f2-n-Dlperazinvnethvn- 
4-chloro-2-nttroDhenvl acetate 
5-Chloro-4-(2.[4-(t-butoxycarbonyl)-1.piperazinyl]ethyl)-2-(bis- 
5 (methoxycarbonyOmethyO-nitrobenzene (2.5g, 6.3 mmol) was refluxed for 5 hours In 6N 
hydrochloric acid. The reaction mixture was then stinted at room temperature overnight 
and evaporated in vacuo to a solid which was slurried in isopropanol and collected; 
NMR (D^O) S 8.25 (s, 1). 7.40 (s. 1), 4.03 (s, 2). 3.8-3,25 (4 multiplets for piperazine and 
ethyl groups). The amino acid hydrochloride was dissolved in methanol (20 ml) and 
10 cooled in an ice bath while thionyl chloride (1 ml, 14 mmol) was added dropwise. The 
solution was heated at reflux for 2 hours then cooled and evaporated in vacuo to a 
foam. The crude product was partioned between ethyl acetate and water at pH 12. 
The organic layer was dried over sodium sulfate, filtered and evaporated to afford the 
desired ester as a dari^ oil, 1.34g, 67% yield. NMR (CDCI3) 6 8.12 (s, 1), 7.22 (s, 1), 
15 3.94 (s, 2), 3.71 (s, 3), 2.96 and 2.89 (m, 6), 2.58 and 2.49 (m, 6). 

EXAMPLE 14 

Methvl 5-f2-r4- n .2-benzisothiazol-3-vn-1-DiDerazinvnethvl^- 
4-chloro-2-nitrobhenvl acetate 
Methyl 5-(2-(1-pipera2inyl)ethyl)-4-chloro-2-nitrophenyl acetate (175 mg, 0.5 
20 mmol) and 3-(trifluoromethylsulfonyloxy)-1 ,2-benzisothiazole (163 mg, 0.58 mmol) 
[prepared from 2.1-benzisothia2ol-3(1H)-one with trifluoro-methanesulfonyl anhydride 
and pyridine in methylene chloride] were stirred in dry tetrahydrofuran (2.5 ml) with 
triethylamine (0.11 ml. 0.8 mmol) for 20 hours at room temperature. The reaction 
mixture was diluted with ethyl acetate and washed with aqueous sodium carbonate, 
25 water and brine. The organic layer was dried over magnesium sulfate, filtered, and 
evaporated in vacuo. The cmde residue was chromatographed over flash silica gel with 
10% ethyl acetate in chloroform to afford the desired product; 60 mg, 25% yield. This 
material was identical with that of Exa/nple 7. 

30 
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Claims 



1 . A process for preparing a compound of the formula 




which comprises treating a compound of the fomiula 



10 




COpRi 



I I 



15 Wherein is hydrogen. CN or CO,R^ and R' is hydrogen or (C,-C.)alkyl with 

a reducing agent with the proviso that when is CN or CO,R' and R' is (C,-C,)alkyl 
the product of the reduction is heated with an acid. 

2. The process of claim 1 wherein said reducing agent Is selected from the 

group consisting of sodium hydrosumte. hydrogen In the presence of a hydrogenatlon 

20 catafyst. Iron In acetic add. zinc and CaC. in acetic acid and NaH.PO. In the presence 
Of Pd/C. 

3. The process of claim 1 wherein said reduction is effect in an Inert solvent 
selected from the group consisting of water, water misclble solvents and mixtures 
thereof. 

25 4. . The process of claim 1 wherein said reducing agent Is sodium 

hydrosulfite and said solvent is THF. 

5. The process of claim 1 wherein the compound of the fomiula II Is 
prepared 

a) "hen B» and both hydrogen by heating the compound of 
30 the fomtul. II Wherein R' te (C,C.)alkyl and R' ,s CN or CO.R' in the presence of an 

aqueous acid: 

b) when is hydrogen and is (C,-Ce)alkyl by 
I) treating a compound of the formula 



tM.snnnir> <wn o.wKinAi t ^ 
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COgR- 



wherein is {C,-Cg)alkyl w'rth the compound of the formula 

P3SCF3 



10 




vn 



in the presence of a base; 

or if) treating a compound of the formula II wherein R' and R^ 
are both hydrogen with a {Ci-C6)alkanol in the presence of an acidic esterification 
15 catalyst; 

or c) wherein R^ is (C,-C6)alkyl and R^ is CN or COjR' by treating the 
compound of the formula 



20 




I I I 



with a compound of the formula R^-CHa-COjRV wherein R^ is CN or C02R\ 
respectively, and is {Ci-C6)alkyl in the presence of a base. 
25 6. The process of claim 5 wherein the compound of formula III is prepared 

by treating the compound of the formula 



30 




IV 



C 1 



NO: 
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with a reducing agent. 

7. The process of claim 5 wherein the compound of fomiula VII is prepared 
by treating a compound of the formula 



(CHj.^g-COgC-N N, 




1 1 1 



ci 



No- 



lo 



15 



8. A process for preparing a compound of the formula 



0 I 




which comprises the steps of 
^° '• treating a compound of the fonnula 



CI 




25 



a) 



cr ^ "NOg 

1 ) vwth the compound of the formula 



30 




in the presence of a (C,-C,) alkanolc acid to fomn the 



compound of the formula 



=»Knncarv <wr» anvKirui i » 



1 
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/ \ 

I 

\ / 




IV 



2) treating the compound of formula IV with a reducing agent 
to form the compound of the formula 



10 




/ \ 

I i 

\ / 




I I I 



3) treating the compound of formula III with a compound of 
the formula R'-CHj-COjR' wherein is CO2R' or CN and R' Is (C,-C6)alkyl to form a 
1 5 compound of formula 

r2 



20 




CO^R^ 



1 1 



wherein is CN or COjR^ and is (C,-Ce)alkyl; 

4) treating the product of step 3) with an acid at an elevated 
temperature to form a the compound of formula II . wherein R^ and R' are both 
25 hydrogen; 

and 5) treating the product of step 4 with a {C,-C6)aIkanol in the 
presence of an acidic esterification catalyst to form the compound of formula II wherein 
R^ is hydrogen and R^ is (Ci-C6)all<yl; 

b) 1 ) treating the compound of formula V with a weak acid to form the 
30 compound of formula 



BNSCKXID: <WO 9500510A1 I > 



wo 95/00510 



PCr/IB94/00061 



•28- 




2) 



treatingthe compound offormulaxwlththecompoundofformula 
0 

HN N-C-0-C(CH3)3 



10 in the presence of (CH3CO,)3NaBH and acetic acid to 



form the compound of fomiula 
IX 



15 



CHj-COjR' wlierein FP is CO^R' or CN and is (C C ♦ * 

fo^u,3 ' v^iManoR is(C,^e)alkyltofonnacompoundof 



20 



<CH3)3-C0pC-N N, 




OX 



CI 



VIII 



NO, 



25 wherein RMsCO^' or CN and R' is (C-CJalkyl; 

4) treating the compound of fonnula VIII wHh an add at an elevated 
temperature to font, the compound of fomiula 



HN N 



30 




COpRi 



VII 



wherein R, is (C,-Ce)alkyl; 



J 
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and 5) treating the compound of formula Vll with the compound of 



formula 




P3SCF3 



in the presence of a base to form the compound of formula II wherein is hydrogen 
and is (C,-C6)alkyl; 
10 and II. treating a compound of the formula 

R2 



15 




COgR^ 



I I 



20 



25 



wherein is hydrogen, CN or COjR' and R' is hydrogen or (C,-Ce)alkyl with 
a reducing agent with the proviso that when R^ is CN or COaR^ and R' is (C,-Ce)alkyl 
the product of the reduction is heated with an acid. 

9. A compound of the formula 




COgR^ 



I I 



30 



wherein R' is hydrogen or (C,-Co)alkyl and R^ is hydrogen, CN or COjR'; 

1 0. The compound of claim 9 wherein R' is (C,-C6)alkyl and R^ is CN or 



CO2R'. 



11. The compound of claim 10 wherein R' is methyl. 

12. The compound of claim 9 wherein R^ is hydrogen. 

13. The compound of claim 12 wherein R^ is hydrogen. 

14. The compound of claim 12 wherein R' is CH3. 
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1 6. The compound of the formula 




I I I 



VII 



15 



wherein R' is (C, C6)alkyl. 

17. The compound of claim 16 wherein R' is methyl. 
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